





4 Ship system interface
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Figure 4-1 Typical interface with the ship’s systems
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4.1 Ship automation interface

The auxiliary functions of the Azipod delivery are controlled by the ship’s machinery automation system
(MAS). Therefore, an interface has to be created. The MAS supplier and the shipyard, as well as ABB,
need to define together the related I/O specification and also the appropriate visual screen display views
that are provided from the MAS.

The MAS is in charge of the following functions:
1. Control of propulsion auxiliaries

2. Control of cooling air subsystem

3. Control of shaft line oil circulation

4. Group monitoring and alarms imported from independent ABB sub-systems, to a detail and to an
extent that need to be defined during the project design stage

The Azipod interface to the ship automation is based on Modbus RTU protocol, where ABB works as
the master.

4.2 Ship auxiliary power supply interface

The shipyard delivers the motor starter functionalities for the electric motors of the Azipod auxiliaries.
Potential free (closing relay) binary contacts are required by ABB from the shipyard’s motor control cen-
ter functionality (MCC) as output status information in hard wiring.
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5 The manual remote control system

The Azipod scope of supply is enhanced with the ABB “IMI” (= Intelligent Maneuvering Interface) manual
remote control and operator guidance indication system. This provides an up-to-date manual control
outfit for the Bridge and for the Engine Control Room and can be elegantly installed into the various ex-
ternally supplied Bridge console deliveries seen on the commercial shipbuilding market today.

This remote control system also provides on-line operator guidance and feedback for optimal use of the
Azipod. The purpose of this functionality is to promote economical and smooth ship operation.

This bus-based system is designed redundant and is engineered in-house at ABB Marine. A hard-wired
backup sub-system is included. Many different modular control configurations can be provided, also
including optional command and control post change functions for an external bow thruster system.

The usual industrial standard interfaces are provided for external Autopilot, external Joystick / DP and
external Voyage Data Recorder.

—_—

Figure 5-1 Typical remote control outfit
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6 The propulsion condition management
system

6.1 General

The Propulsion Condition Management System (PCMS) is the technical solution for condition monitoring
of the critical components of the Azipod and propulsion system. The PCMS acquires and stores data
continuously from several sources and provides functions for;

Condition monitoring

Wear and lifetime analysis

Remote diagnostics

Troubleshooting

Scheduled audits and reporting

The PCMS functions implemented onboard are tailored specifically to the agreed extents and require-
ments of the ship project.
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Figure 6-1 Layout of the PCMS
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6.2 Shaft bearing monitoring

Condition monitoring of the shaft bearings is based on recorded vibration, temperature and lubrication
oil properties. The analysis functions provide information for the operator to monitor the bearing condi-
tion. All analyses are performed for both drive end and non-drive end bearings.

A. Vibration: Bearing vibrations are measured by acceleration transducers at wide bandwidth. Several
analysis functions are performed on the results in order to detect wearing, lubrication problems or
possible other operational defects. The analysis functions comprise:

e Traditional methods based on time and frequency domain characteristics and different filtering
functions

e Advanced, patented methods combining adaptive filtering, likelihood ratios and binary decision
evaluation

B. Temperatures: Bearing and lubrication oil temperatures are measured by several sensors.
The resulting trends are stored in the PCMS.

C. Lubrication oil properties: the following attributes are monitored by means of various sensors
installed in the Shaft Line Support Unit (SSU):
e Humidity
e Contamination
e Metal particles

6.3 Propulsion system monitoring

A. The alarms and events from the propulsion system are recorded. This enables following and tracking
faults or alarms also after they have been cleared from the system. The PCMS itself does not
generate alarms for other systems in the ship. The events are read from:
e The Azipod Interface Unit (AlU)
e The Propulsion Control Unit (PCU)
e The Propulsion Power Drive

B. Trends are also recorded from the main quantities that define the operation point of the propulsion
system. These include data from the Azipod, frequency converter, propulsion motor and propulsion
control system.

6.4 Nautical data interface

Data from external nautical systems is acquired in conjunction with the bearing vibration measurements
in order to account for environmental factors in the vibration levels. PCMS does not introduce new mea-
surements, but the data is read from the ship’s systems.
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7 Ship design

The following paragraphs describe the usual shipyard design process with Azipod:

7.1 Design flow

A. After defining the basic ship layout, the Azipod Propulsion Module is chosen based on the thrust or
propeller torque requirements (generally ruled by the ship’s speed vs. resistance curve).

B. The Steering Module is selected in function of the steering torque, usually defined by the propeller
power, strut height, and the speed of the ship. The ship’s power plant dimensioning is checked to
match the performance of the two modules.

C. The auxiliaries are chosen to fit the defined Propulsion and Steering Modules. As above, any special
redundancy requirements must be checked within the limits of specified options.

D. Azipod room design work (with the appropriate fire area definition) is carried out.

E. System interfaces are detailed with the allocation of ship automation points.

F. The ship control layout is configured.

7.2 Running the Azipod engineering delivery

Generally the shipbuilder will need to have similar engineering resources as for the full integration of e.g.
a fin stabilizer system, although the overall amount of integration work will be greater. A suggested ideal
resourcing portfolio is given below. Several of the listed tasks may be run by the same person:

A. Coordinating engineer (general purpose propulsion, steering and outfitting).

B. Structural designer for the hull interface (steel / scantlings’ engineer).

C. Power plant interfacer (generally power electrical knowledge).

D. Machinery engineering / commissioning control (ship or mechanical engineer).

E. Automation coordinator (in charge for the ship automation interface).

F. Navigational / controls interface (electronics or applied deck officer work).
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7.3 Hydrodynamics
The shipbuilder begins the hydrodynamic design of the ship with the following steps:

A. Sketching the after lines of the podded ship, locating the Azipod(s)

B. Estimating the propeller diameter and tip clearance (head box configuration, if required)
C. Defining the speed vs. thrust curve for the ship on given draught conditions

D. Selecting the required power and rpm value for the propeller(s)

E. Contacting ABB with an inquiry

7.4 Azipod location on the ship’s hull

It is important to place the Azipod at the correct location on the ship’s hull. Typically any part should not
come out by the side or by the transom. According to experience in the twin Azipod solution it is rec-
ommended that the pods are located as far astern and as close to the ship’s sides as possible. Azipod
Propulsion Modules have to be located so far from each other that sufficient clearance between is main-
tained at all steering angles (recommended minimum 300...500 mm, depending on the case). For more
accurate design, the hull shape of the ship and water flow must be considered.

7.5 Propeller

Azipod propellers are always fixed-pitch propellers (FPP) because of the control of propeller speed and
torque by a frequency converter. The typical Azipod has a pulling-type propeller as a monoblock or with
built-on blades. The optimized propeller is tailored for the ship. ABB is in charge of the propeller design,
and it is done in close co-operation with the designers of the shipbuilder.

7.6 Forces on ship’s hull

Forces from the Propulsion Module must be transferred to the ship’s hull steel structure. After the
contract has been signed and during the design period, ABB delivers the calculated forces and bend-
ing moments and produces the recommended principle drawing for mounting the Azipod. The Azipod is
connected to ship’s hull by the Steering Module. The Steering Module is welded to the ship’s hull as a
structural member.
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7.7 Steering Angle Convention

The traditional ship steering convention of PORT (signal Red) and STARBOARD (signal Green) is used.
Therefore, two main ship control configurations are to be considered:

A. Ahead going ships

B. Astern going ships

The steering equipment on double-ended ships (e.qg. river ferries) usually needs to be outfitted as an ap-
propriately configured combination of these two cases.

NOTE: The terms Port and Starboard refer to ship steering. The angle indicator instrument will show the
actual rotational direction of the Azipod propulsor.

Figure 6-1
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Figure 6-2

“Astern sailing” concept:
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8 Example of Azipod® propulsion with the
power plant

In this typical example four main generators are connected to the main switchboard, and the low-volt-
age switchboard is supplied by ship service transformers. The main switchboard can be divided into two
separate networks by means of the tie breakers to increase the redundancy of the power plant.
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Figure 7-1 Typical single line diagram of the onboard power plant
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9 Information sheet for system quotation

Our intention is to work together with our customers to optimize ship design related to the total building
concept. All additional information related to the ship’s operating profile and other special requirements
will also be helpful.

Shipyard:

Owner:

Type of ship:

Main dimensions of the ship: Lpp= B=
= GT/DWT =

Block coefficient or displacement:

Estimate of the resistance (naked hull):

Speed of the ship:

Classification society:

Special notations (Ice class, DP, etc.):

Number of Propulsion Modules per ship:

Estimated Propulsion Module power:

Estimated propeller diameter and rpm:

Bollard pull requirement:

Main generator sets:
(type, rpm, number and power of units)

Main switchboard voltage and frequency:

Auxiliary switchboard voltage:

Bow thruster power:

Ship’s electrical auxiliary and hotel load:

Number of ships to be built:

Delivery time for the equipment:

Delivery time of the ship:

Attachments: (GA drawing, etc...)
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Contact us

ABB Oy, Marine
Merenkulkijankatu 1 / P.O. Box 185
00981 Helsinki, Finland

Tel. +358 10 22 11

www.abb.com/marine

Power and productivity
for a better world™
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